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Purification and Characterization of Recombinant Human 
Growth Hormone Expressed in Saccharomyces cerevisiae 

Teug Yeon Won, Hoon Sung Jeh, Chun Hyung Kim, Hyung Bae Choi, 
Kyu Beom Han and Soon Jae Park* 

Lucky R&D Center, Biotechnology. P.O. Box 10. Taejeon, Korea 
(Received March 17, 1991) 



Abstract: The recombinant human growth hormone (rHGH) was expressed in Saccharomyces 
cerevisiae. The aggregated rHGH molecules were solubilized by rasing pH of the ceil lysates. 
When pH of the solution was lowered to around 6.5, substantia] amount of the contaminating 
yeast proteins was effectively removed. The rHGH was further purified by successive chro- 
matographic steps including DEAE cellulose, Sephacryl S-200, DE-52, and Phenyl-sepharose. 
The specific activity of the purified rHGH was 2.7 IU per mg, when assessed by radioreceptor 
assay. This value was higher than that of pituitary-derived international standard HGH, 
indicating that rHGH was correctly folded. 



Human growth hormone (HGH) is synthesized by 
the acidophil cells of the anterior pituitary as a pre- 
hormone with a hydrophobic leader peptide of some 
20 amino acids. The leader peptide is removed by 
the pituitary during the secretion of HGH. Human 
growth hormone isolated from pituitary extracts is 
heterogenous (Gorden et al. t 1973; Goodman et al., 
1972; Lewis et al., 1980). The major component of 
HGH is a protein with 191 amino acid residues, with 
the molecular weight being 22,000 daltons (Li et al., 
1964). The minor forms are derived from the major 
form either by the deletion of 15 amino acid residues 
(20 kd HGH) (Lewis et al., 1978) or by the deamina- 
tion of side-chains (Lewis et al., 1979). The native 
20 kd HGH is somewhat less active than the native 
22 kd HGH in the weight gain assay and the longitu- 
dinal bone growth assay (Kostyo et al., 1987).. The 
deaminated forms of pituitary-derived HGH are 
known to have indistinguishable biological activity as 
the major 22 kd HGH (Becker et al., 1988). 

The three-dimensional structure of HGH is not 
known yet, although there have been some reports 
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of successful crystallization of recombinant HGH (Jo- 
nes et al., 1987). However, from the X-ray crystal st- 
ructure of homologous porcine growth hormone, it 
is inferred that HGH is also composed of four helical 
units which make a helical bundle' connected by loops 
(Abdel-Meguid et al, 1987). The protein is stabilized 
by two disulfide bonds that are easily reduced and 
re-oxidized. The tetra-S-carbamidomethylated HGH 
resulting from the reduction, followed by alkylation 
with iodoacetamide retains all known biological activi- 
ties in animals and humans (Bewley et al., -1975). 

HGH is an hormone that stimulates protein synthe- 
sis, lipolysis, and hypoglycemia (Beck et aL, 1957). 
Since growth hormone is species-specific (Knobil et 
al., 1957), human cadavers had been the only source 
of HGH to treat hypopituitary dwarfism (Raben, 1959). 
Recently, HGH has been cloned and expressed in 
Escherichia colt (Goeddel et aL, 1979) and SaccJiaromy- 
ces cerevisiae (Tokunaga et aL, 1985; Cho et al., 1988). 
These recombinant HGH (rHGH) retained the full 
range of biological activities (Olson et al. t 1981; Park 
et aL, 1990). 

Most of rHGH molecules expressed either in bac- 
teria or in yeasts exist as aggregated precipitate. It. 
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is therefore not trivial to obtain large quantities of 
pure rHGH with the correct conformation for ther- 
apeutic purposes. In this paper, we describe the puri- 
fication and characterization of rHGH expressed in 
Saccharomyces cerevisiae. 

Materials and Methods 

Materials 

The S. cerevisiae strain transformed with a vector 
coding HGH for cDNA was provided by Lucky Bio- 
tech Corp (Cho et at., 1988). The ADH/GAP promoter 
was used for the expression of rHGH. 

International standard HGH was obtained from NI- 
BSC (National Institute for Biological Standards and 
Control, U.SA). The specific activity of HGH was 
2.506 IU/mg according to radioreceptor assay. 

Ci8 u-Bondapak column and Pico. Tag column were 
purchased from Waters (U.SA). DEAE 5PW column 
was obtained from Tosoh, (Japan). 

Phenylisothiocyanate and phenylthiocarbamyl amino 
acids were purchased from Pierce (U.SA). n-Propyl- 
alcohol and acetonitrile were obtained from Budick 
& Jackson (U.SA) and Merck (U.SA), respectively. 

Purification of rHGH 

Yeast cells were disrupted with glass beads in dis- 
tilled water containing 10 mM EDTA and the proteins 
were extracted by raising the pH to 11.5 with 1 N 
NaOH. After centrifugation at 1 1,000 Xg, the pH of 
the supernatant was adjusted to 6.5 by dropwise addi- 
tion of 1% acetic acid. The solution was centrifuged 
at ll,000Xg for 30 min and the supernatant was con- 
centrated with a YM-10 membrane (Amicon). The so- 
lution was diluted with 10 mM Tris-HCl at pH 8.0 
and concentrated again with a membrane. The solu- 
tion was then applied to DEAE-cellulose (Whatman 
DE-52) equilibrated with 10 mM Tris-HCl, at pH8.0. 
The contaminating proteins were removed from the 
column by eluting with 50 mM NaCl in the 10 mM 
Trig-HCl at pH8.0 and then rHGH was eluted with 
100 mM NaCl in 10 mM Tris-HCl at pH 8.0. The pro- 
tein solution from the DEAE step was chromatogra- 
phed in Sephacryl S-200 (Pharmacia-LKB) equilibra- 
ted with 10 mM Tris-HCl containing 2 M urea at pH 
8.0. 



The fractions containing rHGH were pooled and 
then applied to DE-52 equilibrated with 10 mM Tris- 
HCl, pH7.5, containing 60 mM NaCl to remove the 
contaminating materials. The rHGH was eluted from 
the column by 80 mM NaCl in 10 mM Tris-HCl at 
pH8.0. The purity of rHGH was further improved 
by the use of a Phenyl-sepharose (Pharmacia-LKB) 
column, in 10 mM Tris-HCl at pH 7.5 with a reverse 
gradient of NaCl (from 1,000 mM to 0 mM). The puri- 
fied rHGH was dialyzed against a glycine-phosphate 
buffer at pH7.4 and then lyophilized. The purity of 
rHGH was assessed by silver-staining after 15% (acr- 
ylamide:bis) SDS-PAGE (Laemmli. 1970). 

HPLC of purified rHGH 

The reverse-phase HPLC column used was C l8 u- 
Bondapak (4.5X300 mm), which was equilibrated with 
4% (v/v) n-propylalcohol/0.2% phosphoric acid in H 2 0. 
The purified rHGH dissolved, in 270 mM glycine-0.6 
mM sodium phosphate at pH 7.4 was directly loaded 
into the column. The concentration of n-propylalcohol 
was increased linearly to 48% over 30 min and then 
increased to 78% over 10 min. 

For anion-exchange HPLC, the rHGH solution was 
loaded into a DEAE 5PW-HPLC column (7.8X45 mm) 
equilibrated with 10 mM Tris-HCl, 30 mM NaCl, at 
pH8.0. The salt concentration was increased linearly 
to 130 mM over 40 min. The elution profile was moni- 
tored at 280 nm. 

Isolation of the C-terminal fragment 

Ten mg of purified rHGH was dissolved in 2 ml 
of 70% (v/v) formic acid. 10 mg of cyanogen bromide 
(CNBr) dissolved in 100 ul of 70% formic acid was 
added. After incubation in the dark for 16 h at 20°C, 
the mixture was diluted with 5 vol. of ice-cold distil- 
led water to slow down the reaction and then imme- 
diately lyophilized. The lyophilizate was dissolved in 
2 ml of distilled water and then filtered. The C-termi- 
nal fragment was obtained by the reverse-phase 
HPLC seperation in a Cm u-Bondapak column with 
a linear gradient of acetonitrile (20-30%) in 0.1% tri- 
fluoroacetic acid. 

Amino acid composition 
Samples were first hydrolyzed in 6 N-HC1 (contain- 



Korean Biochem. J. (1991), Vol. 24(3) 



■ ;.v 



1*; 



280 



Table 1. Purification of rHGH 



Teug Yeon Won et ai 



Step 


Total 1 
protein (g) 


rHGH (g) 


Specific 2 
activity (TU/mg) 


Recovery 
yield (9c) 


Crude extract(pH 11.5 supernatant) 


710 


15.3 


0.058 


100 


pH 6.5 supernatant 


88.4 


13.7 


0.42 


73 


DE-52 


18.5 


7.3 


1.1 


48 


Sephacryl S-200 


5.7 


4.1 


1.9 


27 


DE-52 


3.8 


3.5 


2.5 


23 


Phenyl-sepharose CL-4B 


2.8 


2.8 


2.7 


18 



Protein concentration was determined by the TCA-Lowry method (Bensadon et al, 1976) 
2 Activity was determined by radioreceptor assay (Park et al., 1990). 



ing 1% phenol) for 24 h at 105t and then reacted 
with phenylisothiocyanate (PITC) to produce phenyl- 
thiocarbamyl (PTC) amino acids. The amino acid de- 
rivatives were analyzed by HPLC using a Pico * Tag 
column (3.9X150 mm). The peak area of each amino 
acid was calculated by comparison with the areas of 
standard FTC-derivatized amino acids, monitored at 
254 nm. 

Amino acid sequence determination 

The amino acid, sequences of the twenty six N-ter- 
minal residues and the C-terminal fragment from the 
CNBr digestion were determined by a automated Ed- 
man degradation reactions in a Protein Sequencer 
(Applied Biosystems, Model 471 A, USA). The pro- 
grams used for the operations of the sequencer were 
provided by the manufacturer. The phenylthiohydan- 
toin derivatized amino acids were seperated and iden- 
tified by reverse-phase HPLC. 

Radioreceptor assay 

The biological potency of the purified rHGH was 
assessed by radioreceptor assay. The plasma mem- 
brane fragments containing the growth hormone recep- 
tors were obtained from the liver of pregnant rabbits 
according to the method described by Tsushima et 
al. (1976). The experimental procedure and the calcu- 
lation of specific activity of HGH were reported in 
detail by Park et ai (1990). 

Results 

Purification of rHGH 
The majority of rHGH molecules was found in the 
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form of insoluble aggregates in Saccharomyces cerevi-} 
siae. Those aggregates were readily solubilized in an*. J 
alkaline buffer after the lysis of the yeast ceils. The | 
lowering of pH of the soluble fraction to around 6.5- 
was an effective step in removing the contaminating 
yeast proteins (Table 1). When the pH of the solution- 
was lowered to less than 6.0, a substantial amount 
of rHGH precipitated along with the contaminating 
proteins. This is due to the limited solubility of rHGH 
as the pH value of the solution approaches near the 
pi (5.0) of rHGH. 

After the successive chromatographic steps, the pu- 
rity of rHGH obtained was more than 99% when as- 
sessed by silver-staining after SDS-PAGE. As shown; 
in Table 1, the overall recovery yield of rHGH wasj 
about 18%. Fig. 1 represents the results of SDS-PAGE^ 
at each of the purification steps. The purification- 
scheme used was suitable for the large-scale produc-:| 
tion of rHGH. 

High performance liquid chromatography 

The homogeneity of the purified rHGH was tested; 
by applying an aliquot of the final sample to a Cis 
reverse-phase HPLC column. As shown in Fig. 2, 
rHGH was the only protein detected as n-propanol;i 
concentration was increased. When acetonitrile was.; 
used as a mobile phase, a similar result was obtained. $ 
In order to test the homogeneity of the protein| 
in another analytical chromatographic system, the sam-'; 
pie was applied to a DEAE-HPLC column. As Fig- 
3 shows, the majority of rHGH eluted as a single^ 
peak followed by an additional minor peak (about 2% 
of total area). When the fractions corresponding to 
the minor peak were collected and then subjected; 
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Fig. 1. Analysis of rHGH purification by SDS-PAGE. 
Lane 1 shows the molecular weight standard. The gel 
was loaded with aliquots from each of the successive 
purification steps as follows: crude extract (lane 2); supe- 
rnatant at pH6.5 (lane 3); 1st DE-52 pool (lane 4); 
S-200 gel filtration pool (lane 5); 2nd DE-52 pool (lane 
6); Phenyl-sepharose CL-4B pool (lane 7). 

to amino acid sequencing, the N-terminal amino acid 
sequence (up to 10 residues) was identical to that 
of rHGH from the major peak. Therefore, it is dedu- 
ced that the minor component may be a deaminated 
form of rHGH since it is eluted at a higher salt con- 
centration than the major component. The pi value 
of the minor peak (4.9) was, as expected from the 
DEAE elution pattern, lower than the value of the 
major form of rHGH (5.1) (data not shown). 

Amino acid sequence identification 

In order to confirm that cDNA sequence of rHGH 
was faithfully translated, the amino acid analysis and 
the amino acid sequencing were performed with the 
purified rHGH. The result of the amino acid assay 
(Table 2) shows that the experimental value for each 
amino acid agrees well with the values deduced from 
the cDNA sequence (Fig. 4). 
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Fig. 2. Reverse-phase HPLC chromatogram of the puri- 
fied rHGH. Aliquot of the protein solution was applied 
to a C w u-Bondapak (4.5X300 mm) HPLC column. The 
mobile phase used was 4% n-propylalcohol/0.2% phos- 
phoric acid. The flow rate was 0.6 ml/mi n. The experime- 
ntal condition was as described in the main text. 
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Fig. 3. DEAE-HPLC chromatogram of the purified 
rHGH. DEAE 5PW-HPLC column was equilibrated with 
10 mM Tris-HCl 30 mM NaCI, pH 8.0. The flow rate was 
1.0 ml/min. 
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Table 2. Amino acid composition of purified rHGH 


Amino 


Experimental 


Theoretical 


acid 


values 


values 


Asp/Asn 


187(19) 


20 


Glu/Gln 


26 (26) 


27 


Ser 


163(16) 


18 


Gly 


7.4(7) 


8 


His 


3.5 (3) 


3 


Arg 


123(12) 


11 


Thr 


10 (10) 


10 


Ala 


8.4(8) 


7 


Pro 


8.5 (8) 


8 


Tyr 


7.4 (7) 


8 


Val 


7 (7) 


7 


Met 


4.8(5) 


4 


Cys 1 


2.9 (3) 


4 


lie 


73 (7) 


8 


Leu 


27.5(27) 


26 


Phe 


13 (13) 


13 


Lys 


9.4 (9) 


9 


Trp 


ND 2 


1 



'Cys residues were not protected prior to the acid hy- 
drolysis. 

2 ND: not determined 



The amino acid sequence of the N-terminal 26 resi- 
dues were identical to the amino acid sequence of 
the pituitary-derived HGH (Fig. 4). The rHGH from 
yeast cells has methionine at its N-terminus, which 
is also the case in rHGH expressed in E. coli. 

The 21 amino acid fragment of the C-terminus of 
rHGH was obtained by C™ reverse-phase seperation 
of CNBr-digested rHGH. For the CNBr cleavage of 
rHGH, disulfide bridges were not reduced nor protec- 
ted. Hence, the purpose of this experiment was to 
identify not only the C-terminal amino acid sequences 
of rHGH, but also the match of disulfide bridges by 
isolating the cyclic peptide which retains disulfide- 
bridge between Cysl82 and Cysl89 (Fig. 4). 

The peak marked with the arrow in Fig. 5 indicates 
the C-terminal 21 amino acid fragment. The amino 
acid sequence of the fragment was identical to that 
deduced from the cDNA sequence, except at two po- 
sitions (182 and 189 as counted from the N-terminus 
of HGH). At these two positions, the amino acid se- 
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Fig. 4. Amino acid sequence of rHGH. The amino acidlt 
sequence of rHGH was deduced from the cDNA sequel! 
nee. It starts with Met at position 0. The sequences 
N-terminal 26 amino acids (A) and C-terminal 21 amindlT 
acids (B) were identified by an automated peptide scque|| 
ncer. 
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Fig. 5. Cis reverse-phase HPLC chromatogram of tHQ|| 
cleaved with cyanogen bromide. The lyophilized sample 
was applied to a C w u-Bondapak HPLC column w Jth|| 
linear gradient of acetonitrile (20-80%) in 0.1% trifluor|fe| 
cetic acid. The peak indicated by the arrow is the C-tpf||| 
minal fragment of 21 amino acids. When the elutant *|IJL 
monitored at 280 nm, the peak was not detected due<*J§| 
the absence of aromatic side-chains in the peptide., 
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quence was not detected, suggesting that the amino 
acid may be a Cys connected to another Cys. This 
result suggests that the rHGH has the correct match 
of disulfide-bridges as those of natural HGH. 

Discussion 

Although the expression of rHGH from E. coli has 
been well established by others, the expression and 
purification of rHGH from S. cerevisiae were not well 
• known. The construction of the vector carrying the 
cDNA of rHGH for S. cerevisiae was reported earlier 
(Cho et aL, 1988). The advantage of using yeast over 
E. coli as an expression host is the extremely low 
level of endotoxin in the final product. The endotoxin 
level is especially critical for rHGH compared to other 
recombinant therapeutic proteins because the amount 
of protein required per dosage for human injection 
is much higher for rHGH than, for example, recombi- 
nant lymphokines. 

The purification method described in this paper 
is rather simple and therefore can be easily accom- 
modated for the large-scale production of rHGH for 
clinical use. The protein is extremely pure and the 
degree of deamination is also low. The DEAE-HPLC 
pattern of rHGH shown in Fig. 3 is very similar to 
the one obtained from E. coli Qones et aL, 1987). It 
has been reported that deamination occurs at either 
Asnl49 or Asnl52. The deamination of HGH purified 
from the pituitary as well as from genetically engi- 
neered microorganisms is known to be a common 
phenomenon. However, the desamido-rHGH has the 
same biological potency as that of the unmodified 
HGH molecule (Becker et aL, 1988). 

The methionine residue at the N-terminus of 
rHGH was not cleaved. This was also observed with 
rHGH expressed in E. coli (Goeddel et aL, 1979). How- 
ever, it is well-known that the presence of N-termi- 
nal methionine does not affect the activily of rHGH. 
The rHGH purified from S. cerevisiae remained biolo- 
gically active. According to the radioreceptor assay, 
the specific activity of rHGH is 2.7 IU/mg (Table 1). 
This value is slightly higher than the value obtained 
with the international standard HGH (2.5 IU/mg). The 
higher receptor binding activity of rHGH compared 
to the natural HGH is probably due to the fact that 
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the purified rHGH is extremely pure and homoge- 
neous. 

As reported elsewhere (Park et ai. t 1990), the acti- 
vities of the purified rHGH and standard pituitary- 
derived HGH are indistinguishable when compared 
in the weight gain test with hypophysectomized rats. 
The circular dichroism pattern of rHGH purified from 
yeast cells was also the same as that of pituitary- 
derived HGH (Park et aL, 1990). 
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Saccharomyces cerevis/ae<H\M Q&MZl 21&%&^E2\ 3*« 5! ^ 



^3i* *J^#:3L3.«-(rHGHW Saccharomyces cerevisiae°\]*\ *1|i* °J 

^#£5.** »M * 4*1 + rHGH* 

4|«H pH* HHH 4*3*14. rHGH* ^KrtJ 4]3L **M* 4*1 pH6.5 

^<LjL «fl JJL-fMH ^l^s]5d4. i a ^*±- 3 -** DEAE 

^#JU9.^ >H14^^ S-200, DE-52, a^JI *H)hM14^ 33«HS-^J|3] **H 
^sHiM. rHGHIb W<J ^r-S-^ <>l-8-*H ^*Ha* «H 2.7 IU 

/mg°l£-°°], ^oj 5-^ol -ffsfi HGH^l 2.5IU/mg°l£4 <>1 

*H1£ *W#jl*&>) *S34 ^ 3*f sKr ^^fiS. foldings) #4^. a] 

4*4. 
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